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1 23.  ABSTRACT  (Continue  on  reverse  side  It  necessary  and  Identity  by  block  number) 

Commercially  available  antisera  to  secretory  piece,  colostrum,  and  a chain 
were  evaluated  for  use  in  electroimmunodiffusion  of  secretory  IgA ’and  secretory 
piece  in  biological  fluids.  Quantitation  of  secretory  IgA  presents  difficulty 
since  antisera  to  a chain  indiscriminately  precipitates  both  scrum  IgA  and  secretory 
IgA  (11S)  and  production  of  antisera  specific  for  antigenic  determinants  on 
secretory  IgA  is  laborious  and  expensive..  Problems  in  using  currently  available 
commercial  antisera  to  colostrum  and  free  secretory  piece  arise  because  they  are 
multispecific;  however,  a technique  modification  described  here  Overcomes  that 
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tf 20  continued: 
difficulty. 

Although  monospecific  antisera  to  I or  P determinant  would  differentiate 
secretory  peice  or  secretory  IgA  with  one  rocket  precipitate,  that  same 
precipitate  is  identifiable  in  a multiprecipitate  pattern  by  using  a pure 
reference  standard  for  establishment  of  a line  of  identity. 

The  high  level  sensitivity  of  EID  allows  quantative  assay  of  proteins 
in  biological  fluids  collected  in  u£  amounts,  thus  eliminating  the  need  for 
stimulation  of  secretions  and  sample  concentration. 
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Military  Justification 


V 


Protection  of  mucosal  surfaces  of  the  gastrointestinal,  respiratory  and 
urogenital  tracts  by  immunoglobulins,  particularly  IgA,  is  of  utmost  importance 
in  preventing  serious  infectious  diseases,  many  of  which  are  acquired  in  tropical 
and  other  foreign  countries.  Military  personnel  in  these  potential  combat  areas 
are  especially  susceptible  to  microbial  infections  which  affect  nasopharyngeal 
and  gastrointestinal  surfaces.  The  oral  cavity  offers  the  most  easily  accessible 
secretory  IgA  - mucous  membrane  system  for  study  of  the  agents  important  in 
maintaining  the  integrity  of  the  mucosal  surfaces. 

Research  oriented  toward  the  development  of  vaccines  requires  improved 
methodology  for  determination  of  the  immune  response  by  quantitation  of  antibodies 
produced  following  vaccination. 


This  study  marks  an  advance  in  methodology  for  rapid  easily  performed 
quantitation  and  differentiation  of  secretory  IgA  and  free  secretory  piece  in 
saliva  and  other  biological  fluids,  and  therefore,  is  a valuable  contribution 
to  the  mission  oh'tehted  research  dealing  with  the  development  of  protective 

1 

and  preventive  measures  against  infectious  hazards  encountered  by  a soldier 
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ABSTRACT 


* Commercially  available  antisera  to  secretory  piece,  colostrum, 

(jj  f'JtA 

and  £t  chain  were  evaluated  for  use  in  electroimmunodiffusion  of 

secretory  IgA  and  secretory  piece  in  biological  fluids.  Quantitation 

(a. 

of  secretory  IgA  presents  difficulty  since  antisera  toft  chain 
indiscriminately  precipitates  both,  serum  IgA  and  secretory  IgA 
(11S)  and  production  of  antisera  specific  for  antigenic  determinants 
on  secretory  IgA  is  laborious  and  expensive.  Problems  in  using 
currently  available  commercial  antisera  to  colostrum  and  free 

secretory  piece  arise  because  they  are  multispecific*  however,  a 

. "tc 

r v "<  technique  modification  described  here r overcomes  that  difficulty. 

Although  monospecific  antisera  to  I or  P determinant  would 
differentiate  secretory  piece  or  secretory  IgA  with  one  rocket 
precipitate,  that  same  precipitate  is  identifiable  in  a multi- 
precipitate pattern  by  using  a pure  reference  standard  for 


establishment  of  a line  of  identity. 

The  high  level  sensitivity  of  EID  allows  quantative  assay 
of  proteins  in  biological  fluids  collected  in  ul  amounts,  thus 
eliminating  the  need  for  stimulation  of  secretions  and  sample 
concentration. 


Electroimmunodiffusion  (EID)  has  been  shown  to  be  an 
excellent  method  for  quantitation  of  serum  immunoglobulins 


in  dilute  solutions  (2,  6,  14-16,  18). 

In  the  EID  technique  electrophoresis  of  antigen  into  a 
monospecific  antiserum- containing  gel  results  in  an  antigen- 
antibody  precipitate  which  possesses  at  equivalence  a 
characteristic  rocket  shape,  the  height  of  which  is  related 
to  the  concentration  of  antigen.  This  technique  has  been 
found  to  be  particularly  useful  for  determining  levels  of 
immunoglobulins  in  unconcentrated  saliva.  The  main  immuno- 
globulin in  saliva  and  other  external  secretions  is  secretory 
IgA  (S-IgA)  which  is  composed  of  an  IgA  dimer  bound  to  a 
glycoprotein  of  epithelial  origin  termed  secretory  piece 
(S-P)  (21).  Unbound  free  S-P  is  commonly  found  in  secretions 
devoid  of  S-IgA  as  well  as  in  secretions  containing  S-IgA  (3, 
19).  Brandtzaeg  (4)  and  Brandtzaeg  et  al.  (5)  detected 
antigenic  determinants  on  S-IgA  ( 1 IS ) tvhich  are  absent  on 
serum  IgA  (7S)  , and  also  found  that  free  S-P  possesses  an  I 
determinant  which  is  inaccessible  when  bound  to  the  S-IgA 
dimer.  An  additional  antigenic  determinant  on  S-IgA,  J chain, 
has  been  described  by  Halpern  and  Koshland  (9) . 

This  report  describes  methodology  for  electroimmuno- 
diffusion of  serum  IgA  (7S)  , secretory  IgA  (11S)  , and  free 
secretory  piece  in  dilute  biological  secretions  and  evaluates 
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the  potential  of  commercial  antisera  for  use  in  quantitation 
of  these  proteins. 

MATERIALS  AND  METHODS 

Antisera.  Rabbit  antisera  to  human  a chain,  colostrum  and  free 
secretory  piece  were  used  throughout  this  study  (Behring  Diagnostics, 
Somerville,  N.J.).  According  to  the  manufacturer  antiserum  to  free 
secretory  piece  was  produced  by  immunization  with  a purified  S-P 
antigen  and  subsequent  absorption  with  serum  IgA  and  lactoferrin. 
Antiserum  to  human  colostrum  was  produced  by  immunization  with  whole 
colostrum  and  absorption  with  human  serum  until  no  immunoprecipitation 
with  human  serum  was  observed  upon  immunoelectrophoresis  or  double 
diffusion  (Personal  communication,  N.  Rangoonwala,  Behring  Diagnostics). 

Colostrum  and  parotid  fluid.  Secretory  IgA  (11S)  was  purified  from 
colostrum  by  the  method  of  Brandtzaeg  et  al.  (5).  Parotid  fluid  from 
a patient  with  hypogammaglobulinemia  (provided  by  E.  C.  Tramont,  Walter 
Reed  Army  Institute  of  Research,  Washington,  D.C.)  and  from  a patient 
on  dilantin  therapy  with  complete  IgA  suppression  (8)  was  the  source  of 
free  secretory  piece.  Absence  of  IgA  in  these  fluids  was  determined  by 
immunoelectrophoresis  and  EID  using  antiserum  to  a chain.  Parotid  fluid 
was  collected  using  Curby  cups  (7)  placed  over  Stensen's  duct.  Human 
colostrum  was  collected  up  to  three  days  postpartum.  All  specimens  were 
stored  at  -70  C until  used. 

EID  methodology.  Electroimmunodiffusion  was  performed 
using  either  Indubiose  45  agarose  (Fisher  Scientific,  Silver 
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Two  mm  diameter  wells  were  then  cut  into  the  solidified  gel  with 
a well  puncher  (Bio  Rad  Laboratories,  Richmond,  Calif.)  Slides 
were  used  immediately  after  preparation  and  were  placed  into 
an  electrophoresis  chanter  containing  the  barbital  buffer 
described  above  at  4 C with  the  wells  adjacent  to  the  cathode. 
Filter  paper  (Number  3,  Whatman  Inc.,  Clifton,  N.J.)  cut  to  fit 
the  plates  served  as  wicks. 

Antigen  samples  (5  u£)  were  applied  with  a capillary  (Ziptrol , 
Drummond  Scientific  Co.,  Broomall,  Pa.)  and  electrophoresed 
through  the  gel  (Table  1) . Following  electrophoresis  the  slides 
were  washed  for  10  min  0.14M  NaCl,  rinsed  in  distilled  water, 
carefully  covered  with  filter  paper,  pressed,  dried,  and  stained 
for  1 min  in  a 5%  solution  of  Coomassie  Brilliant  Blue  R-2S0 
(Eastman  Kodak,  Rochester,  N.Y:)  in  ethanol  - glacial  acetic 
acid  - water  (45:10:45).  Destaining  was  accomplished  in  the 
dye -free  solvent. 

Identification  of  precipitates  by  EID  reactions  of  identity 


was  performed  by  modification  of  techniques  previously  described 
(1,  13,  20). 


agarose  on  EID.  Antiserum  concentrations  in  agarose,  electro- 
phoresis voltage,  and  duration  for  optimal  electroimmunodiffusion 
of  salivary  levels  of  a chain,  secretory  IgA,  and  free  secretoiy 
piece  using  Behring  agarose  are  sunmarized  in  Table  1. 

Staining  of  the  precipitates  after  electrophoresis  was  required 
for  visualization,  however,  carbamylation  of  specimens  or  antisera 
was  not  required  to  give  clear  visualization  of  precipitates. 

The  type  of  agarose  used  influenced  both  the  height  and 
clarity  of  rocket  formation.  EID  in  Indubiose  45  agarose 
resulted  in  rocket  formation  twice  as  high  as  in  Behring 
agarose  although  clarity  was  greatly  reduced.  Visualization 
was  improved,  however,  when  the  antiserum  concentration  was 
increased.  Behring  agarose  was  found  to  give  the  sharpest 
precipitate  with  the  least  concentration  of  antiserum  and  was 
therefore  used  throughout  these  studies. 

a chain  antiserum  specificity.  Behring  anti-a  chain  was 
found  to  be  monospecific  in  EID  giving  one  rocket  precipitate 
for  all  specimens  tested  including  saliva,  colostrum,  purified 
secretory  IgA  and  serum  (Fig.  1).  As  expected  no  precipitate 
occurred  with  saliva  from  IgA  deficient  individuals. 

Colostral  antiserum  specificity.  Anti -colost rum  inter- 
actions with  whole  saliva,  IgA  deficient  saliva  and  secretory 
IgA  produced  EID  patterns  consisting  of  doible  rockets  (Fig.  2b, 
d,  and  f) . Complete  absorption  of  a and  light  chain  activity 
from  colostral  antiserum  with 


serum  was  attained  as  evidenced  by  the  lack  of  precipitation 
with  serum  (Fig.  2a). 

EID  of  concentrated  parotid  fluid  and  colostrum  yielded  triple 
rockets  (Fig.  2c  and  e) . Additional  experiments  have  shown 
that  by  increasing  the  colostral  antiserum  concentration  in 
the  agarose  two  more  rockets  to  colostrum  were  detectable. 
Indications  that  one  of  the  major  specificities  of  colostral 
antiserum  was  to  a determinant  on  secretory  IgA  was  demonstrated 
by  a darkly  staining  rocket  to  secretory  IgA  (Fig.  2f)  . 

Free  secretory  piece  antiserum  specificity.  Precipitation 
patterns  with  free  S-P  antiserum  in  the  agarose  consisted  of 
two  rockets  with  whole  saliva,  parotid  fluid'^  colostrum,  and 
secretory  IgA  (Fig.  3b,  c,  e and  f ) , 

Only  one  precipitate  occurred  with  IgA  deficient  saliva 
while  no  reaction  occurred  with  serum  (Fig.  3d  and  a). 

The  reaction  of  identity.  Precipitin  peaks  (rockets)  will 
fuse  when  immunologically  identical  antigens  are  electrophoresed 
from  closely  punched  adjacent  wells.  This  is  snown  in  Fig.  4, 
where  a line  of  identity  was  obtained  between  whole  saliva 
and  IgA  deficient  saliva  in  agarose  containing  antiserum  to 
free  secretory  piece  that  was  not  monospecific. 
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DISCUSSION 


Although  commercial  antiserum  to  a chain  was  found 
monospecific,  the  indiscriminate  precipitation  of  both  IgA 
(7S)  and  S- IgA  (11S)  precludes  its  use  in  identification  of 
these  two  forms  of  IgA  in  biological  fluids.  Commercial 
colostral  antiserum  precipitated  S-IgA  but  not  serum  IgA  con- 
firming specificity  to  an  antigenic  determinant  on  S-IgA  other 
than  a chain  or  light  chains,  The  multiple  precipitates 
resulting  from  EID  of  colostrum  with  colostral  antiserum  in 
the  agarose  indicates  its  ability  to  detect  several  antigens 
in  biological  fluids  not  found  in  serum,  but  complicates 
its  use  in  EID  making  necessary  a reference  antigen  for 
precipitate  identification. 

Free  secretory  piece  is  invariably  present  in  saliva 
of  IgA  deficient  individuals  (19,  21),  The  EID  pattern  for 
IgA  deficient,  saliva  from  two  such  individuals  yielded  a single 
rocket  with  antiserum  to  S-P  demonstrating  specificity  for 
a determinant  on  the  free  S-P  molecule.  Possible  presence  of 
antibody  to  a chain  was  tested  for  by  using  serum  IgA  as  antigen. 
No  activity  to  a chain  was  found  although  the  antiserum  was 
not  monospecific  since  IgA-containing  specimens  revealed  a second 
precipitate.  It  was  concluded  that  there  were  unabsorbed  traces 
of  antibody  to  an  antigenic  determinant  on  the  S-IgA  molecule. 

This  conclusion  is  supported  by  the  fact  that  only  one  precipitate 
occurs  with  IgA  deficient  saliva  from  two  different  individuals 
who  otherwise  would  be  expected  to  have  salivary  proteins  similar 
to  normal  persons. 


Although  a monospecific  antiserum  to  I or  P determinants 
(4,  5)  on  S-IgA  would  identify  S-P  and  S-IgA  with  one  rocket 
precipitate,  these  same  rockets  are  identifiable  in  a multi- 
precipitate pattern  by  utilizing  a pure  reference  antigen  for 
establishment  of  a line  of  idenity.  This  is  illustrated  in 
Fig.  4 where  IgA  deficient  saliva  served  as  a pure  antigen  to 
qualitatively  identify  precipitation  due  to  free  secretory 
piece.  Such  a line  of  identity  is  obtained  by  inclusion  of 
a reference  antigen  in  a well  closely  adjacent  to  the  well 
containing  the  specimen  to  be  assayed. 

Fusion  of  precipitin  lines  will  occur  with  peaks  of 
immunologically  identical  antigens.  The  criteria  used  to 
establish  immunological  identity  were  total  fusion  of  precipi- 
tates and  identical  precipitate  morphology. 

Interference  by  J chain  antigen  was  not  considered 
applicable  to  this  assay  since  antiserum  to  J chain  does  not 
precipitate  Ig  polymers  (.11 , 12,  17},  Titers  to  J chiiin  ar.e . 
at  best  low  even  when  purified  antigen  is  used.  Furthermore, 
since  J chain  is  hidden  in  the  S^-IgA  dimer,  probably  due  to  a 
masking  effect  of  secretory  component  (10,  11),  it  is  unlikely 
there  is  antibody  directed  against  it. 

Our  observations  lead  us  to  conclude  that  the  presence  of 
multiple  precipitates  in  EID  due  to  multispecific  antisera 
does  not  preclude  its  use  in  qualitatively  differentiating 
proteins  and  subsequently  quantitating  them  if  a known  reference 
antigen  is  used  in  the  assay. 


TABLE  1.  Electroimmunodiffusion  of  7S  IgA,  Free  Secretory  Piece  and  11 S 
Secretory  IgA  in  Saliva  Using  Commercial  Antisera 


Antiserum 

Antiserum 
concentration 
in  agarose3 

Electrophoresis 

time 

(hrs) 

Voltage 

applied 

(volts) 

Alpha  chain 

0.5  - 0.7% 

-O 

<3- 

1 

A" 

00 

45.0 

9 volts/cmc 

Free  secretory 
piece 

0.1  - 1.5% 

2-3 

25.0 

5 volts/cm 

Colostrum 

0.75  - 1% 

2*s 

35.0 

7 volts/cm 

a Lack  of  significant  titer  variation  between  Behring  antisera 
batches  allows  consistency  in  concentration  of  antisera  in 
agarose. 
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b Fresh  buffer  supplied  after  2-2*5  hours, 
c Volts/cm  of  distance  between  wick-agarose  interface. 


Fig.  2.  Electroimmunodiffusion  of  (a)  serum,  (b)  whole 
saliva,  (c)  parotid  fluid,  Cd)_  IgA  deficient 
saliva,  (e)  colostrum  and  (f)  purified 
secretory  IgA  in  agarose  containing  antiserum 
to  colostrum.  A double  rocket  with  purified 
secretory  IgA  reveals  the  presence  of  a con- 
taminating antigen. 


WITH  COLOSTRAL  ANTISERUM  IN  THE  AGAROSE. 


Line  of  identity  in  agarose  containing  antiserum 
to  free  secretory  piece  between  (a)  whole 
saliva  and  (b)  IgA  deficient  saliva.  Variation 
in  specificity  between  batches  necessitates 
individual  batch  evaluation. 
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